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Introduction
　　In　spite　of　extensive　studies　hitherto－
conducted，　both　physiological　and　clinical，　little
light　has　been　thrown　upon　our　knowledge
of　functions　of　the　liver，　including　the　r61e　as
played　by　the　liver　in　the　metabolism　of　en－
zymes．　Above　all，　we　have　as　yet　very　little
information　on　the　effect　of　one　lipotropic
factor，一methionine一，　upon　the’　variations　of
seru血cholinesterase　acti▽辻y，　in　case　of　ex－
perimental　hepatic　impairment．　lt　is　a　uni－
versally　known　fact　that　serum　cholinesterase
diminishes　in　case　of　the　liver　damage．　And
experimental　evidence　confirm’s　the　decrease
of　the　activity　after　administration　of　hep－
atotoxic．agents．　However，　the皿ajority　of
present　theories　on　the　mechanism　of　the　de－
erease　．are　mere　cQnjectares．　And　since　the
physiological　significance　of　cholinesterase　itseif
remains　to　be　fully　clarified，　it　may　be　diMcult
to　expect　a　complete　elucidation　of　this　prob－
lem　at　this　moment．　However，　clinical　ob－
servations　have　often　informed　us　that　a　lipo－
tropic　factor　can　prevent　the　liver　from　injury
due　to　the　administration　of　hepatotoxic　agents，
and　that　decreased　serum　cholinesterase　ac－
tivity，　in　cases　of　hepatic　impairment，　can
often　be　reactivated　at　an　earlier　period．　There－
fore，　it　is　conjectured　that　an　experimental
study　on　the　effect　of　lipotropic　factors　upon
decreased　cholinesterase　activity，　due　to　the
liver　injury，　may　be　an　aid　to　the　information
of　the　physiological　significance　of　serum
cholin．esterase　and　the皿echanism　of　the　be－
neficial　action　of　lipotropic　factors　against　liver
injury．　With　this　in　view，　the　author　has　stu－
died　the　eff ct　of　methionine　on　the　experi皿en－
tal　liver　damage，　‘pin－pointing’　the　course　of
fluctuati n　of　the　seru’香@cholinesterase　activity．
Results of　several　liver　function　tests，　fluc－
tuation　of　seru皿protein，　including　the　polaro－
gr phic　serum　protein　waves　（PPW），　and　the
chang s　in　histological　findings　of　the　liver，
have　been studied　simultaneously．　Results
were　reported　successively　in　the　Sapporo　Med一一　・
ical　Journal，　and　in　general　meetings　of　the
Japanes Gastroenterological　Society．　At　pre－
ent，　withthe　experiments　completed，　it　is　the
author’s　iritent’　to　make　a　summarized　discus－
s on n hitherto－obtained　experimental　re－
sults．
Summarized　Results　of　the　Whole　Treatise
　　Prior　to experi皿ental　studies，　bibliographical
discussions　were　made，　concerning　the　prob－
1e皿s　related　to　the　present．study。　　In　the
present　paper，．redundancy　shall　be　avoided，
and　 he　outli e　of　tne　results　obtained　by　sub－
sequent　experiments　are　summarized　as　fol－
lows：
　　1）　Liver　Function　of　Normal　Dogs：　Prior
to　the　 om cement　of　the　experiments，　se－
veral　liver　fu ction　tests　were　perfor皿ed　on
normal ogs．
　　　i）Results　 f　bro皿sulfalein　test　inl　norma1
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dogs　are　below　1％（average　O．16％），　when　the
dye　is　injected　（5mg　per　kg　body　weight）　and
the　blood　is　withdrawn　after　30　minutes．
　　　ii）　Since　results　of　serum　cobalt　reaction
were　shifted　much　to　the　left　as　compared
with　hu皿an　materials，　the　collcentration　of
the　cobalt　reagent　was　dupJicated　for　conve－
nience’s　sake．　Results　deviate　from　R’5　to　R’7．
　　iii）　Serum　cholinesterase　activity　in　normal
dogs，　as　determined　by　Hesterin－Miyazaki’s
method，　is　from　5．4　to　24．4　（average　10．70）・
This　generally　coincides　with　the　data　obtained
by　Ammon－Nachmansohn’s　Warburg　technique．
　　iv）　Ser．［t皿alkaline　phosphatase　activity　is
from　1．2　to　5．6　（average　2．33）　unitst
　　　v）　A　cortelation　to　a　certain　degree　was
noted　between　the　serous　values　of　cholin－
esterase　activity　and　of　alkaline　phosphatase
孕ctivity・　However，　these　enzy皿atic　activities
showed　hardly　any　correlation　to　the　results
of　serum　cobalt　reaction．
　　2）　Functional　Change　of　the　lnjured　Liver：
Functional　changes　of　the　liver　when　injury
was　inflicted　by　a　single　dose　of　chloroform
（1　cc　per　kg　body　weight），　were　studied　sub－
sequently．
　　　　i）　Bromsulfalein　retention　increases　as　a
result　of　chloroform　injection，　until　on　the
following　day　its　30　minute－value　．indicates
retention　from　6　to　25％　（average　17・57％），
followed　by　a　gradual　decrease　with　the　lapse
of　time・　’　　　ii）　Scarcely　any　set　rule　is．　noted　in　the
changes　of　the　re＄ults　of　serum　cobalt　reaetion
following　the　］iver　damage．
　　iii）　Seram　cholinesterase　activity　decreases
as　a　result　of　the　liver　damage，　while　so皿e
of　the　cases　show　a　temporary　increase　of　the
activi亡y．　The　decreased　cholinesterase　activity
then　gradually　returns　to　rtor皿al，　with　the
Iapse　of　time．
　　iv）　Serum　alkaline　phosphatase　activity　is
increased　by　the．　liver　damage．　The　temPorary
decrease　of　the　activitY，　as　observed　with　cho－
linesterase，　is　rarely　detectable．
　　3）　Effec ．of　ハ4e”zio．nine　uψon　　the　Func－
tional　Changes　of　the　lmPaired　Liver：
　 Fu c ional　change　of　the　liver，　due　to　th母
injury，　in　dogs　with　130　g　pre－feedings　of　DL－
methionine，　w re　studied　subsequently．
　　　　i）With　regard　to　bro皿sulfalein　retention
test and ser皿n　cobalt　reactjon，　nothing　could
be　ascribed　as　the　special　ef〔ect　of　methionine，
as　compared　with　the　contro1．
　　　ii）　On　the　other　hand，　seru【n　cholinesterase
ctivity，　i11皿ethionine－treated　dogs，　was　re一
　　　　　　　　　　　　　　　　　　　コvealed　t 　h ve　no　phase　of　decline，　which
was　observed　in　non－treated　dogs．　In　some　of
the　methionine－treated　dogs　even　a　tendency
Qf　the　activitV　to　rise　was　observed．
　　 iii）S rum　alkaline　phosphatase　activity　is．
elevated　also　in　methionine－treated　dogs，　but
the　degree　of　th 　increase　is　generally　less
signi且 ant．
　 4） Effect　げ　Methionine　on　　”ze　Changes
qプSeru〃z　I）rotein　Cρ〃zPo7¢ents：
　　Resuユts　of　investigation　in　the　efEects　of
methionine　on　the且uctuations　of　seru皿pro－
t in　levels（refractometry）and　changes　in　its
compon nts（61ectrophoresis），　in　cases　of　Iiver
damage，　are　as　foIlows：
　　　　i）　Tot l proteirl　level　decreases　on　in－
fliction　of　liv r　da皿age　in　which　alb田皿in
plays　the　principal　r61e．
　　 ii）When　methionine　is　ad皿inistered　to
normal dogs，　the　total　protein　level　is　observed
to　increase．　This　increase　mainly　depends　on
α一an β一globulin。　When　hepatic　damage　is
in且icted　on　said　dogs，　total　protein　level　de－
creases．　This　is　alm．ost　sirnilar　to　the　contro1，
but　 he　degree　of　the　decrease　is　less　signifi－
cant．
　　5）　Effec彦　qプ　Methio解ine　on　the　Changes
of　Polarogr‘zPleic　Protein　Waves：
Polarographic　protein　w．aves（PPW）were　stu－
died　simultaneously．　Decreased　PPW－heights
were　observed　after　hepatic　damage，　which
3re　no 　acco皿panied　by　any　particular　indica－
tion　of　t e　effect　of　methionine．　Similarly，
no　specific　correlationS　between　PPW．　and
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　　cholinesterase　activity　were　noted．
　　　　6）　Effeet　of　Methionine　on　the　Histolo－
　gical　Changes　of　the　Liver：
　　Changes　in　the　histological　findings　of　the
　liver　were　stiidied　as　finishing　touches，　which
　　may　serve　as　a　morphological　sttpport　of　the
　above－mentioned　functional　changes．
　　　　　i）　As　previously　reported　by　many　au－
　thors，　the　histological　aspect　of　the　liver　on
　the　day　following　the　chloroform　injection　is
　manifested　by　a　widespread　fatty　degeneration
　and　n　ecrosis　which　breaks　out　fro血the　centraI
　portion　of　each　lobule．　This　condition　conti－
　nues　to　remain　after　a　week，　with　an　appeara－
　nce　of　regenerating　liver　cells　in　the　central
’　zones．
　　　　ii）　There　exists　nQ　marked　histological
change　of　the　liver，　which　niay　be　ascribed　to
the　effect　of　methionine．　After　infiiction　of
　liver　damage，　histological　changes　of　the　liver
　in　methionine－treated　dogs　are　observed　to
　resemble　that　of　the　control，　but　a’mong　the
　changes　the　degree　of　fatty　degeneration　is
　less　remarkable　as　compared　with　the　control
　animals．
　　　　iii）　As・　to　the　vicis／situde　of　liver　cell　RNA，
no　marked　difference　was　observed　between
methionine－treated　and　nontreated　ani．皿als，
Diseussion
　　The　information　reported　in　the　whole　trea
tise　is　summarized　and　discussed　as　follows　：
　　Following　a　single　dose　of　Subcutaneous　chlo－
roform　administration　（lcc　per　kg　body　weight），
a　widespread　fatty　degeneration　and　necrosis
occurs．　Functional　disorders　are　represented
by　decreased　cholinesterase　activity，　and　in－
creased　alkaline　phosphatase　activity．　Though
bromsiilfalein　retention　is　aggravated，　results
of　cobalt　reaction　are　observed　to　be　without
pattern．　Serum　protein　level　is　lowered　by
the　liver　damage，　where　albumin　plays　the
princ pal　r61e　in　the　decrease．　PPW　is　also
lowered　by　the　liver　damage，　and　especially
the　lowering of　the　second　wave　is　notewor－
thy．
　　Methionine－feeding　to　ndrmal　dogs　does　not
alter　the　histological　a＄pect　of　the　liver．　Func－
tion lly，　bromsulfale’in　retention，・cobalt　reac－
tion　and　alkali e　phosphatase　activity　are　a工so
n t　a tered．　On the　other　hand，　a皿arked　in－
crease　of　tot l　protein　level　is　observed，　whieh
is　mainly　due　to　the　increase　of　a一　and　B－glQ－
bulin．
　　When　liver　damage　is　in伍cted　on　methionine－
treated　dogs，　histological　changes　of・　the　liver
resemble　that　of　the　control，　while　the　degree
of　fatty　degeneration　is　less　significant　than　in
the　control．　Effect　of　methionine　upon　the
functional　changes　of　the　liver　is　noted，　espe－
cially　in　the　course　of　serum　cholinesterase　ac－
tivity，　which　is　never　accompanied　by　a　de－
crease　as　observed　in　the　control　animals．
Though　the　degree　of　・alkaline　phosphatase
elevation　and　of　serum　protein　depletion　were
observed　to　disagree　more　or　less　With　the
control，　bromstilfalein　retention　（30　minute　val－
ue），　sertim　cobalt　reaction　and　the　changes　in
PPW－heights　were　almost　the　same　in　methio－
nine－treated　and　non－treated　animals．
　　It　is　surmised　that　the　decrease　of　serurn
cholinest ras 　activity，｛in　the　case　of　liver
amage，　is　due　to　the　inhibition　ef　the　bio－
syn，th si of　the　enzyme，　which　is　carried　out
by the　liver　cells．　Cajori　＆　Varsi）　and　Brauer
＆　RootY） observed　that　seram　cholinesterase
was　synthesi．zed　by　the　liver　cells，　and　seru’ra
holinesterase　activity　therefore　is　considered
to　be　a　representative　of　other　protein－biosyn－
theses　within　the　liver．　From　this　point　of
view， an opinion　that　sertim　cholinesterase　has
an　intimate correlation　with　serum　albumin
1）　Cajonyi　＆　Vars　（193S）：　cit．　in　Lichtman，　S．　S．：
　　Diseases　of　the　Liver，　Gall　Bladder　and　Bile　Duc－
　　ts，　3　Ed．　（Phila．　1953＞．
2）　Brauer，　R．　W．　＆　Root，　M．　A．：
　　149，　6Ll　（1947）．
Am．　」．　Ph：　siol．
6巻3！4号 Anzai一一Methionine　as　a　Lipotropic　Factor　Vl1217
1eve1，　which　is　maintained　by　Alca工de”），　Levine
＆　Hoyt“）　and　Kunkel　＆　Ward5），　may　be　ac－
cepted．　as　seemingly　appropriate．　ln　fact，
serum　cholinesterase　and　albumin　mostly　have
an　intimate　reciprocal　relation．　However，　as
discus＄ed　in　the　fifth　issue　of　the　present
series，　clinical　and　experimental　observations
have　at　times　failed　to　demonstrate　such　mu－
tual　correlations，　and　there　are　not　a　few　in－
vestigators，　including　Wilson6），　who　have　gain－
said　such　a　correlation．　According・　to　recent
information，　cholinesterase　itself　is　regarded
as　a　component　of　a－globulin，　rather　of　albu－
min．　Various　factors　may　infiuence　the　a－glo－
bulin　level，　and　the　level　does　not　always　fol－
low　a　set　fluctuation　with　varieties　of　hepatic
damages．　Alpha－globulin　is　said　to　be　produced
by　liver　cells7），　and　a　dect’ease　of　the　a－glo－
bulin　level　in　cases　of　hepatic　insufficiency　is
reported．　On　the　other　hand，　it　is　also　noted
that　ensuing　upon　the　destruction　or　infiam－
mation　of　the　tissue，　a－globulin　level　may　be
elevated，　owing　principally　to　the　increase　of
the　mucoprotein　fractionS）．．　The　distribution
of　a－globulin，　in　the　case　of　liver　diseases，may
jndicate　an　intricated　aspect，　owing　to　the　par－
ticipation　of　the　above－designated　factors．　ln
the　author’s　experiments一，　which　have　been
reported　in　the　fifth　issue，　serum　eholinesterase
was　not　observed　to　have　any　satisfactory　cor－
relation　with　serttm　protein　fractions．　This，
may　rather　be　expected，　in　view　of　the　dis－
crepancy　of　sensitivitY，　between　electrophoresis
and　the　demonstration　of　enzymatic　activity．
　　Various　opinions　have　been　expressed　on
the　relatiorl　between　the　states　of　func亡ional
disorders　and　the　localization　of．damage　within
the　lobttles．　lt　may　rather　be　expected　that，
a　variety　of　func亡ional　dsiorders　are　estab－
lished　according　to　the　variety　of　the　mode　of
damage．　Alpha－globulin　itself　may　perhaps
be　a combination　of　many　components　with
differe t　habitats　and　different　modes　of　pro－
duction，　and therefore　each　of　the　components
may　hav 　a　difierent　trend　when　a　hepatic
injury　is　inflicted．　Arnong　the　a－globulin　co皿一
ponents，　cholinesterase　as　far　as　the　present
udy　i 　 oncerned，　is　especially　sensitive　to
皿ethionin ， a d　the　decline　of　tho　serous　level
of　the　enzyme　was　observed　to　be　checked
almostc mpl tely　by　previously　administered
methion ne．　As　to　the　electrophoretical．　a’na－
lysis the　serum，　a－globulin　did　not　seem　to
supply　suficient　evidence　of　a　parallelis皿with
cho工inesterase　activity，　owing　to　the　complexity
of　the other　components　of　this　fraction，　or
owing　to　the　intricated　fluctuation　of　the　other
protein　fractions．　ln　connection　with　this　pro－
ble皿，　the　author　investigated　the　changes　of
PPW－heights，　which　is　considered　to　have　an
intimate connection　with　serurm　protein　frac－
tions．　Declin s　of　PPW－heights　were　observed
both　in　methionine－treated　and　non－treated
dogs，　and　nothing　was　found　which　could　be
’attribut d　to　the　virtues　of　methionine・　Ac－
cording　to Sat6　in　the　author’s　own　research
institute，　there　is　a　certain　parallelism　between
PPW　and　serum　a－globulin　level．　ln　the　au－
thor’s　present　 tudy，　the　fiuctuatjon　of　serum
cholinesterase　activity　did　not　seem　to　have
any　d rect　parallelism　with　PPW　or　with　a－glo－
bulin　l bel，　as　far　as　the　present　experimental
conditions　are　concerned．　．
　　The following　may　serve　as　a　conclusion　of
the　abov ．一discttssed　problems　：
　　Cholinesterase　is　possibly　synthesized　by　the
liver，　under　a　皿ore　or　less　independent　me－
chanism　of　ot　her　seru皿protein　syntheses，　arld
the　cholinesterase　synthesis　may　be　checked
by　liver　datnages，　but　，is　subject　to　the　pro一
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tective　eflicacy　whichis　condttcted　by　meth－
ionine．　Methionine，　in　this　case，　may　also　act
as　a　SH－donor，　as　Witts9）　has　asserted，　in　ad－
dit：ion　to　its　original　action　as　a　lipotropic　fac－
tor．
　　As　it　is　the　author’s　intent，　aside　from　the
present　study，　to　make　a　histochemical　de－
monstration　of　cholinesterase，　additional　studies
will　be　made　to　determine　above一皿entioned
problem’s，　together　wit：h　the　use　of　electro－
phoretical　analysis　of　a－globulin　subfractions，
SH－group　estimation，　etc・
　　　　　　　　　　　　　　　Concl皿sio皿S
　　Liver　function　in　normal　dogs　and　changes
in　the　liver　function，　in　case　of　infiiction　of
liver　damage　were　studied，　together　with　the
effects　of　methionine　on　said　change＄　after
皿ethionine　prescription．　ReSults　are　su血一
marized　as　follows　：
　　1）Functional　states　of　the工iver　in　normal
dogs　are　reported　in　the　second　issue　of　the
presa．．nt　series．　Serilm　protein　construction　in
normal　dogs　are　reported　in　the　fifth　issue．
　　2）　As　a　result　of　the　liver　damage，　brom－
sulfalein　retention　is　augmented，　and　serurn
alkaline　phosphatase　level　is　elevated．　Serum
cholinesterase　activity，　on　the　contrary，　is　dimi－
nished　by　the　li　ver　damage．　Serum　cobalt
reaction　does　not　follow　a　certain　rule・　The
most　important　r61e　in　seru皿protein　depletion
is　played　by　the　decrease　of　albumin　content．
　　3）In皿ethionine－t＝reated　dogs，　bromsulfalein
retention　does　not　difier　greatly　from　the　cont－
rol．　Similarly，　changes　in　the　results　of　serum
coblat　reaction　does　not　indicate　any　set　ten－
dency　which　is　identical　to　the　control．　ln一
creas 　of　serum　alkaline　phosphatase　activity
is observed　to　be　somewhat　leq．．s　significant　than
’the　co trol，　while　serum　eholinesterase　activity
indicated　no　sign　of　reduction．　The　last　finding
is　a　significant　discrepancy　between　methionine－
treated　and　non－treated　groups．　Serum　protein
level　 ncreas．es　after皿ethionine－prescriptions．
Augmentation　of　a－and　fi－globulin　levels　is　the
principal　damage．　Total　protein　level　falls
again by　the　liver　damage，　but　the　degree　of
the reduction　is　less　significant　than　the　cQntrol．
　　4）　Histological　changes　of　the　liver　roughly
coincides　with　hitherto－reported　cases，　except
in　one　point　where　fatty　degeneration　is　less
remarkable　in　methionine－treated　dogs，　as　com－
pared　w th　the　control．　No　sign　of　discrepaneY，
between　methionin　e－treated　and　non－tteated
groups，　was　obse ved　in　regard　to　the　liver　cell
RNA，
　　5）　Nothing　can　be　attributed　to　the　virtue
of　methionine　on　the　decline　of　PPW－heights
due　to　liver　damage．
　 6）　The　above－e umerated　results　lead　to　the
following　conclusions　：
　　　Biosynthesis　of　cholinesterase，　due　to　liver
　　cells，　 oes　not　run　quantitatively　parallel　to
　 th 　biosynth ses　of　cther　proteins．　lnhibition
　　of　cholinesterase－biosynthesis，　due　to　the
　 liver damage，　is　readily　prevented　by　me－
　　thion血e－prescril）tion．
　　　ThQugh　th 　mechanism　of　this　prevention
　　remains　obscure，　an　efficacy　of　methionine
　 in　the　capacity　of　SH－donor　must　not　be
　　neglec ed t gether　with　its　eriginal　lipotropic
　　effect．
　　　　　　　　　　 　　　　　　　　　　　（Reeeived　Oct．　4，　1954）
9）　Witts，　L　L．：　Brit．　Med．　J．　1，　145　（1947）．
